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SUMMARY

In order to develop a model of long wave atmospheric noise,

Pacific-Sierra Research Corporation (PSR) used its full-wave propaga-

tion code to calculate waveguide mode parameters in spread-debris

nuclear environments. Those parameters will be stored for retrieval

whenever the model is exercised. Such precalculation, storage, and

retrieval is far more efficient than recalculating mode parameters

each time the model is used. A similar, but far less extensive set of

mode parameters was calculated and graphed by Field and Dore [1975],

who treated only the attenuation rate of the lowest order TM and TE

modes for propagation over sea water.

PSR has, over the years, received many requests for those graphs,

as well as numerous inquiries as to (1) the behavior of parameters

other than attenuation rate and (2) the dependence of mode parameters

on ground conductivity. Because the noise-model data encompass the

parameters of all significant modes for a wide range of ground conduc-

tivities, frequencies, and nuclear environment intensities, it seemed

worthwhile to publish graphs of those parameters in handbook format.

For all practical purposes then, this volume is .hat handbook.

The electron and ion density profiles for the spread-debris

nuclear environments and the collision frequency profiles are given

and discassed in Vo!. T of the presnt report and in more detail by

Field and Dore [1975]. The mode parameters plotted are attenuation

rate, excitation factor, phase velocity, and eigencosine. The number

of modes considered varies from as few as two, for intense environ-

ments where attenuation is severe, to as many as five, for weak en-

vironments where attenuation is low and more modes must be retained. For

By using the graphs in conjunction with Eq. (6) in Vol. I and a hand- 3: -

he"d calculator, estimates of nuclear-weapon-induced signal loss can

be made. dSI O n

This volume consists of three sections, each of which presents

the numerical data in a somewhat different form. Section I plots mode

parameters versus ground conductivity for eight spread-debris environ- on/. .
ttY CodaE:
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ments that span the range 2 x 10- 8 > U 2 x 10-15 and frequencies

that span the range 15 - 45 kHz in 5 kHz steps.* These data make up

our data base; Sees. 2 and 3 display the data. Section 2 plots the

mode parameters versus W and thus extends the graphs given hy Field

and Dote [1975]. Section 3 plots the mode parameters versus fre-

quency.

We use the definitions of excitation values and heighit gains

given by Pappert et al. t19701 for the Ez field from a vertical dipole

for transverse magnetic (TM) modes and for the Ey field from a

horizontal dipole for transverse electric (TE) modes. The TM height

gains are unity on the ground and up to aircraft altitudes; the TE

height gains can be approximated by

f 1 (z) = n kz . (1)g

Because TE 1uLode attenuation rates arc independent of ground

conductivity, we do not plot that data in Sec. 1. However, data for

the least attenuated TE mode appears in Secs. 2 and 3. The TE ex-

citation value is proportional to the Ey field on the ground and does

depend on the conductivity. In fact, the TE excitation value is

almost directly proportional to !/n2. Note that the height-gain

functions are nearly proportional to ng, so the product of the TE

excitation value and the two height-gain functions is virtually inde-

pendent of ground conductivity at aircraft altitudes.

The data presented here were generated using our anisotropic full-

wave computer code, WAVEPROP. The WAVEPROP code had its origins in an

isotropic code developed by Field, Lewinstein, and Dore [1976], with

major additions based on the anisotropic code developed at the Naval

Ocean Systems Center (see, for example, Ferguson and Snyder, 1987).

These codes use model ionospheres which specify the number density of

electrons and ions at altitudes above the earth. They then solve an

"*W is the well-known spread-debris intensity parameter [Knapp and
Schwartz, 1975; Field and Dore, 1975].
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equation, called the modal equation, of the form

M(a ,W,C) = 0 , (2)

for the eigenvalue C, which is the cosine of the complex angle of

incidence of the wave with the ionosphere. In the figttres presented

in Sec. 1, the modes are numbered in order of their attenuation rates

at high conductivity (.g = I S/m). To number the modes at lower

values of ag, we decreased arg in small steps and calculated mode

parameters at each step. Each mode was assigned the number of the

mode that was nearest to it (in C value) at the prior step.

The fourth graph in each set shows the path of C in the complex C

plane. Section I shows the path as conductivity changes, Sec. 2 as W

changes, and Sec. 3 as frequency changes. As noted on the graphs, one

end of the path is marked. The graphs in Sec. I show both TE and TM

modes. Since C values for the TE modes are not sensitive to og, they

do not appear to have a tail in the plots. In certain cases, as

conductivity decreases, the attenuation rate for the second TM mode

becomes very high and exceeds the attenuation of the third (and even

higher) modes. That behavior occurs when C approaches the cosine of

the Brewster's angle, and we call tris mode the Brewster's mode. The

Brewster's mode is easily identified by its path in the c-plane. In

Fig. 55, for example, model 2 is the Brewster's mora. Note that its

path is much longer than the other modes, aLId th.. ULL LI path passes

over the paths of several other modes. That is when the real part of

the Brewster's mode is the same as the recl part of another mode, the

imaginary part of the Brewster's mode is larger. Indeed the only time

that two modes have the same real part is when one of them is a

Brewster's mode. Note also in this figure that the TM modes that lie

inside the path of the Brewster's mode (modes 3 and 4 in Fig. 55) loop

counter clockwise, whereas the TM mode that lies outside it (mode 5)

loops clockwise. By looping counter clockwise, we mean that the real

part of G decreases as conductivity gets smaller, whereas in the paths

that loop clockwise, the real part of C increases as coniuctivity

decreases. For the UI4 modes that lie inside the Brewster's mode, the

V



imaginary part of C increase as conductivity decreases. The maximum

is reached at the conductivity where the real part of C is the same as

the real part of the cosine of the Brewster's angle.

Section I shows all significant modes; Secs. 2 and 3 show only

the two modes with the lowest attenuation rate. In certain cases the

second least attenuated mode is the second mode at high conductivities

and the third mode at low conductivities. This mode-switch causes a

discontinuity in the excitation and phase velocity graphs. However

the program that generated the figures uses a cubic spline to interpo-

late between the points, and so the curves in those graphs appear to

oscillate near the transition point (see for example Fig. 76). This

is unphysical, but the graphs were unreadable until the cubic spline

was used.

We define a mode as being either TE or TM by examining the ratio

ion gnd -1
r = L .nR. - (3)

The numerator and denominator of this equation are the isotropic TE

and TM modal equations, respectively. Recall that the condition for a

mode is that the model equation be zero. Therefore, r >> I for TM

modes, and r << i for TE modes. For the disturbed ionospheres con-

sidered here, it was easy to identify and label the type of mode.

Under nighttime conditions, the ratio [Eq. (3)] might approach one

which would make a clear distinction difficult.

The data in this volume were generated assuming that the electron-

neutral collision frequency was:

v(z) = 1.8 x 1011" e-z/ 6 6 7  - (4)

Here z is the altitude in kilometers. The mass of the ions is taken

to be 32 AMU, and the ion-neutral collision frequency is 1/40 of

Eq. (4). The relative permittivity of the ground is taken to be 15.
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CONVERSION TABLE

Conversion factors for U.S. Customary to metric (SI) units of masi±.:ement

MULTIPLY r BY - TO GET

TO GET 4 BY 4 - DIVIDE

Agstrom 1. 000 000 X E -10 meotrs (ml

atmosphere (rormal) . la 2.5 X E +Z ktio 1pascal (kId)
bar 1.000 000 X E -2 kilo pascsal (kpa)

barn 1.000 000 X E -28 rretar 2 
i(M)

British thermal unit tithermozlhemical) 1. 0,54 350 X £E 3 joule (J}

Calorie ikhermocnernicai) 4. 184 000 joule in

cal (thermochemical(/cmr 4. 184 000 X E -2 me69% !tle/m2 (MJ/m(

curte 3 7i 0 00o X E - 1 *gig& becquerel (GBq)

degree ,angle) 1. 745 329 K E -2 radian (n..d)

degree Fahrenheit *i (- W 459. 671/1. 8 degree kelvin (K)

electron volt 1.6C2 CZ X E -IS joule (

erg 1.000 000 K E -7 ,Iull (J)

erg/second 1.000 0000 X E -7 watt (W)

foot 3.048 000 X E -1 mete: (mp
foot-pornd -force 1. 355 818 joule (J)

gallon 1. S. liquid) .. 785 412 X E -3 attar (m3

inch 2. V0 000 X E -2 motor (inl
jerk 1.000 000 X E .9 joule (J)
joulc/Aigram I-.(Jg,) (radiatlon do-z

absorbedl 1.000 000 Gray (Gy)

kilotons 4. 183 tewraj'los

kip (1000 (bf) 4.448 222 XE - 3 newton (N)

kip/inch2 (klt) 6. 894 75T X E 53 kilo poscal (kPs)

ktap nwtomuc-awtosd/m
2

1.000000IC5.2 (N-0/XE
2

)

micron 1 000 000 X E -6 muter (m)

mit 2. 540 000 X E -5 meoer (m)

mile (international; 1.609 344 X E .3 metar (m)

ounce 2. 34 952 XE -2 kilogram (kg)

pound-(orce (lbs avoirdupois) 4.448 2Z2 niwtoa (N)
pound-force inch 1.129 848 X E -1 rwruw -mnter N. m)

7-1. , 23. X Z -2 nrwwonmiuer (Ni/m

pound-{orceofoot
2  

4. 788 026 XE -2 kilo pascal (lPa)

pound-forco/imh2 (psi) 6. 894 T57 kilo pascaL (kPa)

pound-mans (Ibm avoirdupois) 4. 535 924 X E -1 kilograml fkg)

pound-mass-foot 2 (moment of inertia) kllolgran-mstr 2

4.214 011 X E -2 fig.m2)

Spond-mans/loit 3  kilog ram /ma I wr
3

1.601 $45 X E -1 (kff/Mý

r'd (radiation dose abmorbed) 1.000 000 X E -2 ,Gray (Gy)

fotiw•en coulombAdiogram
2.579 760 X E -4 WCAg)

ha 1. 000 000 x E -8 "COW (4)

lug 1. 459 390 X E -1 kilogram (kg)
torr (rm Hg. 0' C) 1.33322 XE -1 kdlo Pascal (kPa)

"The becquerel (ql ia the SI unit of radioactivity; I 1q - 1 event/a.".rfhe Gray (Gy) is the SI unit of absorbed radiatin.
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a. Attenuation as function of ground conductivity.

Model Mode2 ......
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b. TM excitation values as function of ground conductivity.

Model - Mode 2 ......

_10_ lipI~4t
- ...' !.-l. -i--- i i •ji •,• LI -- ; _--_• !
- - -!• i I ll • ! l!q, - - -, .- , -I-- -- •- -- -~ i

Iz'z

x
3 .-; H I , I - .' -

!] P' '- i ] JIl t I i I! i . L i~il II ! __ Z; I~ i

____40_ -4 f

ff -- i

-- '-'r-'•-IT~ ~ ~ ~ ~~~~~~T -----T T -- • -i l-- •-'1- , "

4 - 0 .0 5 110 .4 10 "3 1 -2 1 -1 0 0

(yg (S/rn)

Figure 1. Parameters for W - 2 x 10-8, frequency m 15 kHz.
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c. Relative phase velocity as a function of ground conductivity.

0.9Model - Mode2 ...

0.08

0.07 ______ _ __

0.06 _ _ _ _ _ _.-.-

0.045 _ _ __ _ _ _ _ _ __ _ _ _
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d. Mode paths In the C-plane as conductivity changes.
Mode l- Mode 2....0.20 i Tff Tl

0.1 .......-

H i I* -- 7
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0.0 0.1 0.2 0.3 0.4 0.5
Re C

NOTE: High coniducttvity poirnt marke.d with. W for TMI modes. A for TE.

Figure 1. Paramieters for W - 2 x 10-8, frequency -15 kHz (Concluded),



a. Attenuation ;ýs function of ground conductivity.
Model Mode2 ......
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b. TM excitation values as function of ground conductivity.
Model I Mode 2....

0

I I]
-10'.J- 1

-40

-505 4 i ý;-L -- 2-I , 010( 10 10-3 10 IT 10
(O9 (S/m)

Figure 2. Parameters for W -a 2 x 10"8 , frequency -20 kHiL
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ......
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d. Mode paths In the C-plane as conductivity changes.
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Figure 2. Parameters for W - 2 x 10-8, frequency ,20 kz (Concluded).
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a. Attenuation as function of ground conductivity.
Model - Mode2 ......
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b. TM excitation values as function of ground conductivity.

Model 1 Mode 2 ......
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Figure 3. Parameters for W - 2 x 10-8, frequency , 25 kHz.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ......
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d. Mode paths in the C-plane as conductivity changes.

Model - Mode2 ......
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I 1'I 1,,114 1
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S I " --I I L i . I I -! ,- , ,

0.00
0.0 0.1 0.2 0.3

Re 0

NOTE: High cond9cUivity point mwiwd with a for TM mod"s, A for TE.

Figure 3. Parameters for W - 2 x 10-8, frequency ,25 kHz (Concluded).
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a. Attenuation as function of ground conductivity.
Model - Mode2 ......
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b. TM excitation values as function of ground conductivity.
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cyg (S/m)

Figure 4. Parameters for W - 2 x 10-8, frequency , 30 kHz.



c. Relative phase velocity as a function of ground conductivity.

Model Mode2 ......
0.03 _-____ --___-__ _ , __ ____ _
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---------- .-,-_---. ' ---.
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-0.01
00100
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d. Mode paths in the C-plane as conductivity changes.

Model - Mode2-...
0.20 0.,

e I i
NOTE: H__ -W,-'- I m w m fo

Figr 4. Paaetr fo W - 2•" x-08"rquny3 (ocue)

9i r i .... i I0.1 l i I Iii,-..
SoaII Ir" "I'NiK ..{ 1 T7lIV [

_ I I !

t '~i't zz- i lilt' - * ]__

000.1 0.2 0.3
Re C

NOTE: High oonductivity point marked wfth U for TM modeg, A for TE.
Figure 4. Pararneters for W -, 2 x 10'8, frequency = 30 kI-z (Concluded).



a. Attenuation as function of ground 'un~ductivity.
Model - Mode 2....

-140 ___ ____ _____ ____ ___

-60 _ _ _ __ _ _ _ __ _ _ _ _

< -40 7.___ ---- _____ ___

101 010 I0l .100
Org (S/rn)

b. TM excitation values as function of ground conductivity.
Model -Mode 2....

44j4 I T7 ----

0-40 _ _

-501 
__5__4_3

(7g (S/rn)

Figure 5. Parameters for W - 2 x 10-8, frequencay -35 kHz.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ......
0.03

0.02 -..... . . ... .

-0.01 
1 4

M 'e1 I -2 .... . .
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_ _ __, - t - t

Re C
WOTE: High vonduclv~y pokAi mmkod w~it m ftr TM, Aoe £fRw TE.

Figure 5. Parametersfor W -21, t . -'uency 35 kHz(CI- dudd).
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a. Attenuation as function of ground conductivity.
Model I Mode 2 ....

-120 -A~----- -____ _____ _________

120o _ --- _ _ _ ___ _ _ _ _ _ _ _ _ _

-60 __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _

< -40 C T ~ _ _ _ _ _ _ _ _

10' 10 - 031- 0 0
ag (S/rn)

b. TM excitation values as funuction of ground conduictivity.
Model - Mode 2....

0

-10

I'
-20 _ _ _ _ __ _ _ _ _ _

~-30

-50 0- ___0____ 10'____ 10______ -

Cag (S/rn)

Figure 6. Parameterm for W - 2 x 10-8, freqaugrcy - 40 Wiz.
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c. Relative phase velodty as a tunction of ground conductivity.

Mode 1 - Mode 2 ......
0.03

0.02 . . ..

. . . . . . . . . . . . _ ___,

0.01 " _-

0.00 . .. ..... .

-0.0 1 .. - 4 ...
10-5 10 10 102 10-1 100

Gg (S/m)

d. Mode prths In the C-plane as conductivity changes.
Model - Mode2 .-----

0.10 I I

Qt

, , I t 40.05 ...... 9

0.0 0.1 0.2
Re

N01"IE: HOg ocsondik~y pok*,,wked w•Ih m tc TMl mmxWm A kw TIE.

Figue 6. Pararneters forW,- 2 x 10"8, frequency ,,40 kHz (Concluded),
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a. Attenuation as function of ground conductivity.

Model - Mode2 ......
-140 ......

-120 .-- -- _ _ _ _

<i .... .. -

-60 _ - - , - .. .-- . .

-40 5 10- _3 _0_2 _100

-20 ._"-C-- ------- '-' "___ -- __ --_ ""__ - -- """

S - C}

Mode - Mode. 2------

2-0 ----.

-_-_ __• H

.40, ...

10 10. 4  !0-3 10-2  10"1 100
crg (S/m)

Figure 7. Paremetru for W -. 2 x 108, frequecy 45kHz
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ......
0.03 • -

0.02

S...............................~ 0.01o.i .. -- ...... '• -. ____ ___ ___ __ ___ ___.. ___.-i .... •e
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0,00 __-

_-- . . - j . - -
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10-5 10-4 110.3 10"2 10-1 100
C•g (S/rn)

d. Mode paths in the C-plane as conductivity changes.

Mod 1 - Mode 2.
0.10

Re -

NOTE H10'- oni.•_r•-t point ,we 1wM) a f, TM mo*,A o

I i I * I 0

. I -~o • -- I- -

i* I ii

F igr 7, Paw r fo W -2x 108 frqec 45 k (Concluded)

77- 7Kiii7
0.!00-

0.0 0.1 0.2
Re C

NOTE: HI oo'u~l~ly podre mwkwd wfth Sll v TIM medeea, i.for "TE.

Figure 7, Parameters for W - 2 • 10"8 frequency - 45 kHz (Concdu~ed).
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a. Attenuation as function of ground conductivity.

Mode 1 Mode 2 ......
-140 .-.. ... ...

"-120 __ __-_ __ __-_ __ _ __ _ __ _ __ __"_ _

-~-100 _ _ _ _ _ _____ _ _ _ _ _ _
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< --40 ....... __-_--_, - ---

.201

117,12 _,_ ii__

-0 LL__

10-5 104 10-3 10-2  10"1 100

0g (S/rn)

b. TM excitation valuar as function of ground conduc2ifvity.

Model Mode:..

-10 .. .

' -'• ' • ... . : :• r .... Il. ........ .

'•-30

-40. ...

_50l

10 "s 110 .4 10-3 10-2 10 " 1 100

ao (SIM) _

Figure 8. Paralmetetrs for W - 2 x 10-9, frelquenlcy IS 1 k1,z.
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c. Relative phase velocity as a function of ground conductivity.
Model - Mode2 ......

0.08 - - -

........... .....
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(a 0.04.'
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, 0 0•__ _ _ __ _ _ _ , • i _ __
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0.01 .... ... _ __-
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10 -5 110-4 110-3 10 -2 110-1 100

Og (Sim)

d. Mode paths In the C-plane as conductivity changes.

Model - Mode2.
0.20

; I- I
7- - "

0.00. _ _ *, ,! ,- ,H IJ

0.05 r ;-r -2-n --- i- i; 1!-/--- I __ ._,__ '_-

S0.10

0.0 0.1 0.2 0.3 0.4
Re C

NOTE; High p " m wt for TM m& ' , A ft TE.

Figure 8. Paramewters for W u2 x 10-9, frequeny -15 kHz (Canduded).
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a. Attenuation as function at ground conductivity.

Model - Mode 2 ......
__

08

M<e -40e2

10' 10- 11_ _1_ _1 
-1 0

Mod _ __e ...

X Iý

101 010 101 100
ag (S/rn)

Figure 9. Parameters for W . 2 x 10(p9, frequency -20 kHz.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ......
0.05 -- "--- -

0.04 ..... _

0,03 • : . .

S0.02 ....

-0.01

0.10
10.5 10"4 10"3 10"2 10-1 100

ag (S/rn)

d. Mode paths In ft C-plane as conductivity changes.

Model Mode2 ......
0.20 . -

* I • * I

0.15 r -f-; - __i___, ! __

,ij i 'l I

0.10 II j

I T I , I * ; " i i
0.05 -r-----

t , ,___________________

0.00 .
0.0 0.1 0.2 0.3

Re C
NOTE: HIig oanduo"l point maslwd wIh m vr TM modes, A for TE.

Figure 9. ParaMters for W - 2 x 10-9, frquency. 20 kHz (Conciuded).
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a.. Attenuation as function of ground conductivity.

-10Model - Mode2 ......

-120* ,. _____-

-100i ~ i ~ i21- 0

a~-20

b.__ TM xiainvausaucion ofI grun condctiity

-30 -7744

73i

-40 ______~

500 0410~ -31- 10- 1 100
(Yg (5/M~)

Fiure 10. Pa-ameteri for W - 2 x 10-9, freqency -25 kHz-
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ......
0.03

--- ~--------

0.02 " __- -- - Efln_,w i

- * -..-------------------- __

0.01
.I••, , - _•

0.00

-0 .0 1 4. . .-310 10- 10 10-2 10--1 100

cJg ("/,,)

d. Mode paths in the C-plane as conductivity changes.

Model - Mode2 ......
0.20-'I V I I

- -- -- , -- ii --- -•-

0.15.. I .] i
i ' I ! I I I : ' . . ..I---

= - - -- - ,I Lf L I ••- r r - -

0.10- ' I • -- - - -
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- -I 1 i . , ~ ,-- - - I ! -

-,. .- , _ '~I~-~ -• i-i-- :i|[ 1 ___-_,'

0.00
0.0 0.1 0.2 0.3

Re C
NOTE: High oonduatliy point mrimkd with a for TM modes, A for TE.

Figure 10. Pa rnmeters for W - 2 x 10"9, frequency 25 kHz (Concluded).
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a. Attenuation as function of ground conductivity.

-10Model - Mode 2-...

-1200___

-80 _

.60

-40

10110'" 10- i10
ag (S/rn)

b. TM excitation values as function of ground conductivity.

M odel 1 Mode2 ...

-20-

-10

-40

1011- 100
Cig (S/rn)

Figure 11. Parameters tor W - 2 x 10-9, frequency -30 kHz.
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c. Relative phase velocity as a function of ground conductivity.
Model - Mode2 ......

0 .0 3 -- --------------- ----------- _ _ _ _ -

0.02

--77-=
-41

. 0.01"._- . T,__._'

0 .0 0 - - -..
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d. Mode paths in the C-plane as conductivity changes.

Modet I Mode2 ......
0.20 7, , ,1- i. 1 ! _ _, __
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o ol0 " ! I [ ! • ! - - l-K . ! -I -- [J . I. I _l I I

FV~T TiI~ --2-:]T00o 
I- -

_ ____ 1-1 ,-- 11, __---- _----•

0.0 0.1 0,2 0.3
Re C

NOTE: High o:dudlvity poifA ma*ad with a fow TM mod"., A 9= TE.

Figure 11. Parameters for W - 2 x 1 "9, frequency - 30 kHz (Concluded).
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a. Attenuation as function of ground conductivity.
Model - Mode2 ...

-120 -_ _ _ _ _ _ _ _ _ _ _ __ _

-80-

- -- ---------
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... -60 _____ 1 ~ 10__ _ 0___ __ _

GYg (S/rn)

b. TM excitation values as function of ground conductivity.
Model I Mode 2 ....

10-

zaT

-40
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c. Relative phase velocity as a function of ground conductivity.

Model Mode2 ......
0.03 2,, _._ _

. . . . . . . . . . . . ... . . . . . . . . . . . . . .

W. . r ~ ~ i'' ' -i.
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d. Mode paths in the C-plane as conductivity changes.
Model Mode2 ......

0.10 iI jF _....__

S- I i. I i

] -- ] -- [ ---- l-------

0.05

I "

_____ I ,

0.00 1...
0.0 0.1 0.2

Re C
NOTE; HVg) c=oKkxIky poirt marked with I for TM modes, A for "rE.

Figure 12. Parameters for W - 2 x 10"9, frequency : 35 kz (Concluded).
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a. Attenuation as function of ground conductivity.
Model Mode2 ......
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b. TM excitation values as function of ground conductivity.
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b.TMec Faionvaures 13a ramenters fof ron W odciiy - I 09 rqec 0
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode 2 ......
0.03 _ _ _ ..... '_ __. .,-_

0.02 - _ _ _ _ _ _ _ _ _ _ _ _ _ _

0.01 .. ................--- _--- - , ----

10- 5 0-4 1-3 to 1-1 -0

e 1............ ..... ...

0.100 _

___oo _ .. ... . "------'- -"r"--1

-0.01

Mode1 1 - Mod12
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NOTE: HOg~ oonuMtvy poirt mk*ed wiet U for TMA modws. m foTE.

Figure 13. Paameters for W -a2 x 109 MxtTO$fCy -40 kHz (ConcILdei).
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a. Attenuation as function of ground conductivity.
Model - Mode2 ......
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b. TM excitation values as function of ground conductivity.
Model - Mode2 ......

-T- I~ I

.,,,w-i---I-i _..J71--1-+I-1,+T-- -1.+1+f"Tll----jK•T L •T•lj

-10

130
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Figure 14. Parnuflemr for W a 2 x 10"9, frequwvwy 45 kHz-
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c. Relative phase velocity as a function of ground conductivity.

Model Mode2 ......
0.03 ; '_--• -A _-_

0.02 -
0.02- -- '- ---' -- - - •

ý411
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d. Mode paths In the C-plane as conductivity changes.
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"d0 ' 0_____4- 0.

NOTE:; H10i omid ity poIrA mu" wth a w TM modm" / for Th.

Figure 14. Parameters for W n2 X 10, frequency 45 cd i (Concludedg).
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a. Attenuation as function A ground conductivity.
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b. TM excitaguon values as function of grounrd conducW0ity.
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c. Relative phase velocity as a function of ground conductivity.
Mode - Mode 2 ......

0.06 .. . . _ __.... -- _, _
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d. Mode paths In the C-plane as conductivity changes.
Model Mode2 ......

,-,.-4I.- - - - ...
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0.!0

I I

I IF

0.00- - - - i .- " - -r

0.0 0,1 0.2 0.3 0.4

Re 0
NOTE: H10 0 pf" mW with a for TM node% A for TL

Figure 15. P-are-re for W - 2 x 10-10, -- uency -1- kHz (Cwm ).
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a, Attenuation as function of ground conductivity.

Model Mode2 ......
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b. TIM excitation values as function of ground conductivity.
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c. Relative phase velocity as a function of ground conductivity.
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d. Mode paths In the C-plane as conductivity changes.
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Re C

NOTE: HigO cmldudlv" pola" monld wth afmr TM mode, & for TE.

Figure 16. Parameters for W w 2 x 10-10 , frequency - 20 kHz (Cocluded).
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a. Attenuation as function of ground Coi iductivity.
Model -Mode 2-...
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b. TIM excitation values as function of ground conductivity.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ......
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d. Mode paths in the C-plane as conductivity changes.
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Re C
NOTE: High coonduetMvly point mad'kd withlll or TM moe, A for TiE.

Figure 17. Parameters for W = 2 x 10"10, frequency ,-25 kHz (Concluded).
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a. Attenuation as lunction of ground conductivity.

Model - Mode2 ......-100 _ _ _ _ _ _ -: --:,, :. . . 4 •,. __- _ •

-80-

CO -40

+ _ _ __ __.___._ • +__ 2..•._i -

S. . . . . . ........ ........

--.. . . ....-*-~~ -- -- • .-- __ __. _ ____.------ . ,

-_ -6 ___ • -t .... ~
-- -4-• '-•--.-.-, __ _ _ _,,- ______ '. 1 .:

o 4-4 0-.... . . ........... _--i ..--. ... . .-.. ...... .,- .

S -40 ...... __ __ A•q ' ___- - :•-rt- -- .-,-~'- • - -t

S_ •----..;_• ----- I: - -: _. . . I,_
-20 - _ _ _ __ _ _

10-5 10-4 10"3 110-2 10-1 100

ag (S/m)

b. TM excitation values as function of ground conductivity.
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Figure 18. Parameters for W m,2x 10100, frequency -30 kHT-
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ......0 ,0 3 -- : -- • •L
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d. Mode paths in the C-plane as conductivity changes.
Model- Mode-2 .... .

0.10 -__ _-------__ __ __
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NOTE: Hig oonduwivity point msuiwd with 8 for TM modes, A for TE.

Figure 18. Parameters for W . 2 x 10-10, frequency 30 kHz (Concluded).
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a. Attenuation as function of ground conductivity.
Model - Mode 2----

-100-------------*
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01 5 __ 1'~ - - - _ _

od 1 Mode-~--~-- 2--'---------

-10
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'~-30TI
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Figure 19. Paramneters for W - 2 x 10-10, frequency -355kHz.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ......
- - ---------- .---, -- ---

. . .. ,

. ~T-ý
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(j0.01

• --.* ---
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d. Mode paths in the C-plane as conductivity changes.
Model - Mode 2....0,10

0.0 0.1 0.2
Re C

NOTE: HOg oonductiit point mmded with a for TM modes, A for TE.
Figure 19. Parameters for W - 2 x 10-10, frequency - 35 kHz (Concluded).
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a. Attenuation as function of ground conductivity.

Model - Mode2 ------
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b. TM excitation values as function of grou,'d conductivity.
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Figure 20. Parameters for W - 2 x 10-10, frequency - 4O kHz.
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c. Relative phase velocity as a function of ground conductivity.
Model - Mode2 ......
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d. Mode paths in the C-plane as conductivity changes.
Model - Mode2 ......
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0.0 0.1 0.2Re C

N40TE: High corditiiy pirt marked wit a fw TM mWýW, A for "IE.

Figure 20. P~arnmetem for W - 2 :, 10-10, frequency -40 kHz (Conclded).



a. Attenuation as function of ground conductivity.

Mode 1 Mode2 ......-100 -, . .... __ _ __ _ _ _
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b, TM excitation values as function of ground conductivity.
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Figure 2 1. Parameters for W -a 2 x 10-"10, frequmicy. 45 kdfz.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode 2 ......
0.03 --

......
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d. Mode paths In the C-plane as conductivity changes.
Model ---e - Mode 2 ......

0.10 0.1 :0.
I I II

I C

I ,,

I I i

0.00 ' "--. . ... . _

0O.05 ~ I --- r--~ 0.1 -0.2_

NOTE: High oanductivity pairs markodl with 0 for TM made@fl, A tk TIE,
Figure 21. Pararnetea for W -, 2 x 10-10, frqum , 45 kHz (Concluded).
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a. Attenuation as function of ground conductivity.
Model - Mode2 ......
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b. TM excitation values as function of ground conductivity.
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Figure 22. Pararneterafor W -2• x 10"11, frequency - 15 kHz.
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c. Relative phase velocity as a function of ground conductivity.

Model Mode2 ......
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d. Mode paths in the C-plane as conductivity changes.

Model -- Mode2 ------
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0.0 0.1 0.2 0.3 0.4
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NOTE: High condudctly point mwke~d wfh 0 for TM mod..s, A for TE.

Figure 22. Parameters for W -2 x 1011, frequency -15kHz (Concluded).
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a. Attenuation as function of ground conductilvity.
Model -Mode 2-...

-80 ._ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _
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b. TM excitation values as function of ground conductivity.
Model1 Mode 2....
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0F- -- 7-

-i--H it~ ----------- f - ___
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Figure 23. Parameters for W a,2 x 10-11, frequency ~20 kHz.
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c. Relative phase velocity as a function of ground conductivity.
Mode 1 -- Mode 2....
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d. Mode paths In the C-plane as conductivity changes.
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a. Attenuation as function of ground conductivity.
Model - Mode 2....
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b. TM excitation values as function of ground conductivity.
Mode 1I Mode 2 ......
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Figure 24. Parameters for W -, 2 x 10- 1, frequency -25 kHz.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ......
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d. Mode paths in the C-plane as conductivity changes.
Mode I - Mode2 ......

0.10- I

0 i 0.1 0. 0 • _ .3
- ------ Ii - -- ;_

/"• • I! [ ! t- !J I -

_• .. • } e . Re.C

; +II + I

NOTE:. Hh i p in T l , A for T

o Ij -2 t+II HIKH222lL2!L<
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0.00 - - -

0.0 0.1 0.2 0.3
Re C

NOTE; High condudivity podnt m•,dk.d with In for TM nodes, A, for TE.

Figure 24, P~ame~ters for W - 2 x 10"11, frequency. m25 kHz (Concluded).
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a. Attenuation as function of ground conductivity.
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b. TM excitation values as function of ground conductivity.
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o. Relative phase velocity as a function of ground conductivity,

Model - Mode 2 ------
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d. Mode paths in the C-plane as conductivity changes.
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NOTE: High oormkidlctiy point marked with m for TM mode", & for TE.

__ I -Fiur 25 Paaeesfo . I _'1_rqeny3_~ (ocue)

I Ft1~F~51



a. Attenuation as function of ground conductivity.

-10Model Made 2------.Mode 3
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b. TMV excitation values as function of ground conductivity.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ------ Mode3
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d. Mode paths in the C-plane as conductivity changes.
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a. Attenuation as function of ground conductivity.
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b. TM excitation vatues as function of ground conductvity.
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Figure 27. Parameters for W - 2 x 10"11, frequency - 40 kHz.
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c. Relative phase velocity as a function of ground conductivity.
Model I Mode2-----..Mode 3 ___
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d. Mode p. Ahs in the C-plane as conductivity changes.
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Figur 27.____ Parameter fo W- x10 1, reuecy- 40kz(ocue)
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a. Attenuation as function of ground conductivity.
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Figure 28. Parameters for W - 2 x 10'11. f requency -45 kd-z.
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c. Relative phase velocity as a function of ground conductivity.
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NOTE; High condu~lvity podn• ma,$wd with IIfor TM modes. A br TE.

Figure 28. Parameters for W - 2 x 010" 1, fr~luency - 45 kHz (Concluded).
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a. Attenuation as function of ground conductivity.

Model - Mode2 ......
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b. TM excitation values as function of ground conductivity.
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Figure 29. Parameters. for W ,- 2 x 10- 12 frequoency - 15 k•iz.
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c. Relative phase velocity as a function of ground conductivity.
Model 1 Mode 2....
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d. Made paths In the C-plane as conductivity changes.
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NOTE: HI10 condud~v~y poidv mmau~d wtth mfow TM rnvdif A for TE.

Figure 29. Pwaraetors for W m 2 x 10-12, frequency 15 kHz (Concluded).
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a. Attenuation as function ot ground conductivity.
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b. TM excitation values as function of ground conductivity.
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F'gure 30. Paramneters. for W = 2 x 101 2, frequency ,= 20 kl-z,.'



c. Relative phase velocity as a function of ground conductivity.
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d. Mode paths in the C-plane as conductivity changes.
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Re C
NOTS: High eondctfMky point maskod withi 0 for TM 0modeS, A fwI TE,

Figure 30. Parameters for W a 2 x 10- 12 , frequency 20 kHz (Concluded).
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a. Attenuation as function of ground conductivity.
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b. TIM excitation values as function of ground conductivity.
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Figure 31. Parameters foroW al2 x s-12, frequency o2S kHz.
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c. Relative phase velocity as a function of ground conductivity.
Model -Mode 2....
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d. Mode paths in the C-plane as conductivity changes.
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a. Attenuation as function of ground conductivity.
11 Model1 Mode 2 ---- Mode3 --
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b. TM excitation values as function of ground conductivity.
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F1igr 32. Pararntom for W - 2 x 10- 12, freqiiewly -30 kHz-
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c. Relative phase velocity as a function of ground conductivity.
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d. Moeptsin the C-plane asconductivity changes.
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NOTE: HI9t vc-,duo'tvfty poin maaied with I for TM mode, A for TIE.

Figure 32. Parameters for W - 2 x 10-12 . frequency m 30 kHz (Concluded).
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a. Attenuation as function of ground conductivity.

-10Mode 1I Mode 2......Mode 3 __

I -100_ _ ~ . -- .

~-80 _____ _ __ __ _

Q) -40'

-100

ayg (S/rn)

b. TM excitation values as function of ground conductivity.
Model -Mode 2 ...... Mode 3

-10 _ ,

0

_______-- r---44 ,t

-50

aJ( (S/rn)

Figure 33. Parameters for W -2 x 10- 12, frequency -35 ki-z.
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c. Relative phase velocity as a function of groun6 conductivity.
Model - Mode2 ------ Mode3
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d. Mode paths In the C-plane as conductivity changes.
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0.0 0.1 0.2 0.3
Re C

NOE . M ode s t -pane coductivity p" ¢hi with mrM e, A kw TE.

Figure 31 PamodMers for W -2 x 1012, frequen.cy - 355 iz (Concluded).
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a. Attenuation as function of ground conductivity.

-10Model I Mode 2 .... Mode3 Mode 4

-100 -~------- _ _ _ _
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b. TM excitation values as function at ground conductivity.
Model I Mode 2......Mode 3 Mode 4
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c. Relative phase velocity as a function of ground conductivity.

Model Mode2 ...... Mode 3 ---- Mode4-...
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d. Mode paths in the C-plane as conductivity changes.

Model I Mode 2 ...... Mode 3... Mode 4 --0.10 o~ ,I '--F il.

] ;I I4 Ilk
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1.oo ,T !T-p- ii.. . -

0.0 0.1 0.2 0.3
Re C

NOTE: High oowdudivty po"dr madw4 wfth U for TM modes, A for TE.

Figure 34. Parameters for W - 2 x 10-12, frequency - 40 kHz (Conrluded).
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a. Attenuation as function of ground conductivity.
Model I Mode 2------Mode 3 Mode 4 Mode 5

-140

-10 `7rý -- - ----- -
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-20-
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b. TM excitation values as function of ground conductvi1ty.
Model I Mode2-----..Mode 3 Mode 4 Mode 5
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30 - .- +-f 2

-40 __ _

-50
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-70 '5 2  10-3 200
10 10' 1~~ 0 (g (S/rn)1" 010

riguhe 35. P aramneternfor W - 2 x 10- 12, frequoocy -45 kHz.
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c. Relative phase velocity as a function of ground conductivity.
Model -. Mode 2 .... Mode3 M-d- 4 M .o.d Mode 5
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d. Mode paths in the C-plane as conductivity changes.
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"/// __', - h

S111 412 'A0.00 .-- _ _ _-- --- I----
0.0 0.1 0.2 0.3
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NOTE; Hfgh corwndu~tN poIlrt nwied with I tor TM nodiee, A fo' Ti.

Figure 35. Parameters for W - 2 x i10"!2, Ireqt~l.r•!,y ,,45 kHz (Conludedl).
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a. Attenuatiork as function of- ground conductivity.

-10Model I Mode? 2... Mode3 --
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Figure~ 38. Parameters for INw 2 x 10- 13, frequency 15I kz.
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c. Relative phase velocity as a funclion of ground conductivity.

Model - Mode2 ...... Mode3 3 ---
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d. Mode paths in the C-plane as conductivity changes.
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iOTh: l$i ocni•f~y pan mai•ted wl• h Iox TM mode, & fo TE,

F~igure 36. Parw~wtwrs for W -2 x 1U"13. frequenc•y - 15 kHz (Concluded).
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a. Attenuation as functiorn of ground ccnductiv.ity.

Model Mod6 2 ...... Mode 3 ... Mode4 .....
-80 .. _ -, 1 -. .

-60 ~- _ _ _ _.- _ _

c-40 . .... ....

.......... .....----------.....

S- 0 " • " . ..-_ _ _ _ -- . . .i - -- "...

5 ..4 . 3 s -. ..... ......

0- 10- 10- 10.1 100
Crg (S/rn)

b, TM excitation values as 'ri• ction of ground conductivity.
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Figjure 37. Pwafnetmt for W . 2 x 10- 13, frequency - 20 kkiz.
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c. Relative phase velocity as a function of ground conductivity.

Model I Mode 2 ------ Mode 3 Mode4
0.06

0.05. ... ..

0,04

------------------..--.-.- .-----.--------

0.03 ..-

0 .02 -, . . ÷ . .. ......... -

.. ... ., .... -.... . .. . .... . ..

-0.01 ...
105 1 n-4 l-3 1 ,-2 1 - 0

in~ 1011
ag (S/in)

d. Mode paths in the C-plane as conductivity changes.

Model - Mode 2 ------ Mode 3 ... Mode 4
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N 11i i in !Ity point wIith mI _M ,_, A f T

0.00!. ! . ....-] 7-
0. 01 0.2 0.3 0.4

Figure 37. Paramotera for W -2 x 1013, frequency 20 kHz (Concluded).
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a. Attenuation as function of ground conductivity.
80Model - Mode 2 .... Made3
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_______

E 71

I_ _ p -T4

-40 -

IcI~P~- -: ----- TT - --- "

10 l

Cyg (S/rn)

b. TM excitation values as function of ground conductivity.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ...... Mode3
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d. Mode paths in the C-plane as conductivity changes.
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NOTE: High conducIvty po4n'1 mmikgd with U1 for TM modee, h. oTh..

Figure 38. Pararbetern foW,2. x 10-13, frequency ,-25 khz (Concluded).
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a. Attenuation as function of ground conductivity.

-10Madel I Mode 2......Mode 3

-80 ~L _ ___-----'
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b. TM excitation values as function of ground conductivity.
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c. Relative phase velocity as a function of ground conductiviy.
Model Mode2 ...... Mode 3

0.03
•,r
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d. Mode paths in the C-plane as conductivity changes.
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I ' ' ' I j ,I ___',_ I ''I i

G 0.05 - I
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0.0 0.1 0.2 0.3

Re C
NOTE: High ondudiVlty poirt mmeId with M kot TM mod", A for TE.

Figure 39. Paramnters for W - 2 x 10-13, frequency - 30 IcHz (Concluded).
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a. Attenuation as function of ground conductivity.
Modal - Mode 2......Mode3 --

-80 ____ _ _

Ca -60 -- - - ... _ _ .
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b. TM excitation values as function of ground conductivity.
Model - Mode 2------Mode 3

...... ..
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r~gurc, 40. Parameters for W - 2 x 10-13, frequenbcy -35 kHz.



c. Relative phase velocity as a function of ground conductivity.
Model - Mode 2......Mode3 --

0.03 _ ___ ____ ___

0.02 -....--

- - .. - -~ -----------
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0.00 ___
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d. Mode paths In the C-plane as conductivity changes.
Model *-Mode2 .... Mode 3

S 005 IH 7 rh T 7 i

I I 77

0.00
0.0 01l 0.2 0.3

NOTE: High conductivity point mrkedd with U for TM modes, A for TF~.

Figure 40. Parameters for W -2 x 10-13, frequency - 35 kHz (Concluded).



a. Attenuaxion as function of ground conductivity.
Model -Mode 2 .... Mode 3 ___
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Figure 41. Parameters for W - 2 x 10- 3, frequency - 40 kHz.



c. Relative phase velocity as a function of ground conductivity.

Mode 1- Mode 2 ...... Mode 3
0.03 . ... . . .

0.01
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d. Mode paths In the C-plane as conductivity changes.
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0.00 .-
0.- 0.1 0.2 0.3

Re C
NOTde pHigh conductivity point markesd with for TM mode. A for TE.

Figure 41. Parameters for W w 2 x 10- 13, frequecy - 40 Ktz (Concluded).
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a. Attenuation as function of ground conductivity.
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b. TM excitation values as function of ground conductivity.
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Figure 42. Parameters for W - 2 x 10-13, frequency -45 k~Hz.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode-2 ... Mode3
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NOTE: High 'nity por* marked with E for TM modes A for TE.

Figure 42. Parameters for W -w 2 x 10-13, frequency -45 k(Hz (Concluded).
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a, Attenuation as function of ground conductivity.
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b. TM excitation values as function of ground conductivity.
Model - Mode 2-------Mode 3 ____

t 11

-10

CD7

o4

3 -301

Tz~i I1 t _

X II I

-50 - 3-
10 1 10 0101

ag (S/rn)

Figure 43. Parameters for W - 2 x 1i-14, frequency 15 kHz-
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c. Relative phase velocity as a function ot ground conductivity.
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d. Mode paths in the C-plane as conductivity changes.
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a. Attenuation as function of ground conductivity.
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Figure 44. Parameter. for W - 2 x .. frequency 20 kHz.
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c. Relative phase velocity as a function of ground conductivity.
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d. Mode paths in the C-plane as conductivity changes.
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I rI~i ~ !AI

0.0 0.1 0.2 0.3 0.4
Re C

NOTE: High condudivity point marked with U foi TM modes, A for TE.

Figure 44, Parameters for W - 2 x 10-l14, frequency -20 kHz (Concluded).
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a. Attenuation as function of ground conductivity.
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c. Relative phase velocity as a function of ground conductivity.
Model - Mode 2------ Mode 3

0.04 _

0.03 - - -

0.02 -. -. -.-. -- --... -

0.01

0.00-----. - - . . . . . . . . _ _ _ _ _

-0.01
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a. Attenuation as function of ground conductivity.
Model -Mode 2 .... Mode3 --
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b, TM excitation values as function of ground conductivity.
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Figure 46. Parameters for W - 2 x 1o- 14, frequency 30 kHz.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ...... Mode3
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d. ModA paths in the C-plane as conductivity changes.
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NOTE: High conductivity point marked with E for TM modes. A for TE.

Figure 46. Parameters for W - 2 x 10-14, frequency - 30 kHz (Concluded).
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a. Attenuation as function of ground conductivity.
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b. TM excitation values as function of ground conductivity.
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Figure 47. Parameters for W - 2 x 10-14, frequency -35 kHz.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode 2...... Mode 3 ---- ___
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d. Mode paths in the C-plane as cunductivity changes.
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NOTE: High cofldudctly p~4nt markeud wthu f to TM mco, A ttwn.

Figure 47. Parameters for W - 2 x 10- 14, frequency - 35 kWz (Concluded),
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a. Attenuatlon as function of ground conductivity.
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Figure 48. Pwameter for W w2 x 0-14, frequency -40 kHz.
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c. Relative phase velocity as a function of ground conductivity.
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d. Modet paths in the C-plane as conductivity changes.
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NOTE: High cviductiviy point ms,$ked with IN for TM modes, A for 1 E.

Figure 48. Parameters for W .2 x 10- 14, frequency - 40 kHz (Concluded).
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a. Attenuation as function of ground conductivity.

Model Mode 2 ...... Mode 3 Mode 4 .... Mode 5

..14 0 . .

-120 _ . . .. . .- -

--100 __ ______ _E- _ _ -. -• . ..... .-- . -- t- " -- .- -. . .". .i - • . .. . _ . .

S-8o ___0

0 _ _ _ ____ _ _ _ _ _ . .. ; _ -- % .. . _ ... .. . .-_. .... ..

-60 __ __ _ _ _ _ -S.. . . . . .-. ----- '7 --: - - - . . . . .._ :__ _ _-_-• • -: : :

• -0 ........................ ... ..................4

0 0 1 102  101 100
Cag (S/rn)

b. TM excitation values as function of ground conductivity.

Model .Mode.2......Mode 3 Mode 4 -. Mode5
10 -0

-• .- 2 ._ .z -- _-•: . . •-- 1 - - - ------ -"--, "' -- - • - ':* -.. .. ..

-20 _ '__ _ _ _ __-

S' '. i! :" : -~__ . . .= • . _ _-- _ __£ . ___. ; _" "'' ,•_ " ' "

1 7
0-5 104 10. t0- 0-4

-10 - ,' _-I _" _"_ ..._

-40

-50

.)44

-70?

1 110 1. 10 0

(19 (S/rn)

Figure 49. Parameters for W - 2 x 1014, frequency 45 kHz.

tu.- • : • ; • -.-, -• • '



c. Relative phase velocity as a function of ground conductivity.
Model I Mode 2 ...... Mode 3 Mode 4 --- Mode 50.04f__ _ __

0.03 \ __

0.02 ~- - -- _ ---.-. _ _ _ _

V- - --~ ----------. ------. - -- - - -

0.00

S0.01 5 o4  -3 2 0o

Gg (S/rn'

d. Mode paths in the C-plane as conductivity changes.
Model - Mode 2......Mode 3 -- Mode 4 Mode 5

0.10~:

0-0 - ---- t ----i--..-- I i- -.

0.0~r 0.1o.20.

IR 1
Figur 49. PaaeesfrW.2x1-1,eum 5kz(ocue)
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a. Attenuation as function of ground conductivity.

Model - Mode 2 ...... Mode 3
-80 __ _ _ _ _ _ _ _ _ _ _ _ _

-60

- - -- - -

o__ _ _____ __

-200

... . . .. .• ........i

ag (S/rn)

b. TM excitation vallues as functiol of ground conductivty.
Model- Mode2-----..Mode 3--

0

- o T

T -j

______f ____

10

-._ .., ......... . .. ....... , w_ l,

0

S -30I

LI 
F

_50 -"5r' ______ -- +~----~4
105 104 10-3 102 10-1 100

C'g (S/m)

Figure 50. Parameters for W -2 x 10-15, frequency 15 kHz.
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c. Relative phase velocity as a function of ground conductivity.
Model - Mode2 .----- Mode 3

0.10
----------------- ----------

-.. . ... - I1 ____ ,

-- - - -- -- --- -

0.06

-1

0.064- .. . ,-7 - , ,ý ': : ,

-0.04 _ _ _ _ __ _ - .-
10! S/n i. 2 10-1100

S , - - ,---d-------- .S• t i ... .. .. , ......... .......... .............. 7.................. .; ........

0.02 - _____i __

I . ... .. il i .Ii .

-- I.-------- ------ - -'--- --

-0.02 . . . , , -

10.5 0.4 j03 10-2 IT"1 10 0
arg (S/m)

d. Mode paths in the C-plane as conduc.tivity changes.

Mode . - Mode 2 0---- Mode 3.
0.101

IT I ti

O.Goi - Elli--

0.0 0.1 0.2 0,3 0.4 0.5
RO C

NO TE: HOg corfiidcttyK point mwuked wfthIa for TM mode*, A for TE.

Figure 50. Parameters for W - 2 x 10-15, frequency . IS kHz (Concluded).



a. Attenuation as function of ground conductivity.
Model -Mode 2......Mode 3---- _____

03

40

C -

0~~~~~- .__ r.J......2 ................____

MoeI Mode_2_....._ ode_3_

40

-10T

-20
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c. Relative phase velocity as a function of ground conductivity.

Model -I Mode2 ...... Mode3 ....0.05 . ..............---- ._.-, ~~ ----- . -__ _ _

0.04 -_ "- - " _____ --- t ...........

0.03 . - "'

T. . .......

To 0.021-: :' ':

-0.01 .• - •',;t

00 -*.~ ~I i. =....

- , - . , . - . • -.-

1005 10"4 10. 3  0-2 10'1 100

Og (S/m)

d, Mode paths In the C-plane as conductivity changes.

Model - Mode2 ...... Mode3
0.10 i

i i II I

S-r--:
-. I I 'I. . . .. ... I

0 0.1 0, 0.3 0I.

F 5 1. PaIrie If 15 , fqn 2 ludd)

I III! A,._ 10,

0.0 0.1 0.2 0.3 0.4
Re C

NOTE: Higth oonductlvity point msvlwd with m for TM1 mod..,A f or TE.

Figure 51. Parameters for W -, 2 x 10"15, frequency - 20 kHz (Concluded).
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a. Attenuation as function of ground conductivity.

Model I Mode 2.......Mode 3 ____

-60 - _ _

01 ....- 4 ~- - --.----- 2 0

Model. ode.2......-----.. Mod 3

_____ *.r.;

110

20T
.... .... ...

....... IU

__ ____ _ ~Ft

2-10_

-410

Cag (S/rn)

Figure 52. Parameters for W - 2 x 10- 5, frequency -25 kl-z.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ...... Mode3______ __ __2._-_-_-- 2

0 . 0  2 r ; & ' n _

0.02 _-_ _- ____ --____ . - _-_

S..~ ~.. -÷ _..... . . . . -.. _L-, , ." ---. • ,I.--

Moe -r-.-2-.--Mde

,4 - - O.O1-'--- -

I *' , ,4

IIAI

0-0

10-5 10-4 10"3 10-2 0-1 100
ag' (S/m)l

d. Mode paths in the C-plane as conductivity changes.

Mode -- Mode2 ...... Mode3.
0.10 ,

NO ; I Hig cnu i f iy ,o m ,d -°,h U io TM ,,. £ f! E

Fiur 52 ar__efo -2_ i05, reqen, -2 k I (Conluded . .__._

E0005

, ',I T ,

0.02 0. 02 ._L4+~ ~ R Ct . .+NOE ihcn dc ft por make wit w\ for TMmd* !o
Fiur 52. Parameter forW". 2 x 10...feunc. 5k~ C ncue)
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a. Attenuation as function of ground conductivity.

Mode I Mode2 ...... Mode 3...
-100

-80 ... __ . . .. _ _ _ _ _I~

S-60 . . . . ,.... . ... .

. 40 _ _. ~ _ _ _ _ _

-20 ..

__-_ - . • -. ,,,,,

C _ _ _ _.._._ _ __.. ..___

Model- Mode 2.......Mode3.
0

10

Fr. 7
2

I --- ~~i r--

S' _ _ _ _ _ _ • ; i!

-- -ii , i' , -t %,. , ! .... .- _;T~, _ __._,_ __._r _ '- i ' i .:•

*-30

-40 - -

,• 30 ; -- ! i tirI , I, , I .

-40 5 11- 11r 10-2 1 0_1 10
-1 -, - -i -- . ______ ___I

ag (S/m)

Figure 53. Parameters for W - 2 x 10- 1 5, frequency - 30 kHz.
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c. Relative phase velocity as a function of ground conductivity.

Model - Mode2 ...... Mode 3
0.03 , []!

_______- ----- ,---- ----.-- ---- ,- - '------. -! '1--,-

0.02 _ ,,

, - . -l+

-,_---__ -,-- -•_-- _ _+---- .

< , 0 .0 1 ,, -_,_' . . . . . . .. . . .. . . . .

- +. ... ..t ... ..._ ...

. _____-___ I-____ - -- .. ----..... . ,.

. . . ____ ..- -.. ..-.- ,- ......-i-tI_ __ .....-----..-.. -.--............ .& , ,;.

1oii0 1

0.00

10- 10- 10" 1 0-r 10- 100
ag (S/rn)

d. Mode paths in the C-plane as conductivity changes.

Mode -I Mode2 ------ Mode3 ----
0.10 - I [ _

A 7

T---t -- • P - - 4-----, -

0.00 --

I -I ."--'j: i I

IR C

- I. . . " .... .. ...

Ho p I i. a f i i A , I

I I * ; I I I

I I - r;- 'i ----i----t--iI' ,1 : I__I J

I• _ 1771 7!F7I 2j II l7' KKII
' l , I ,!I I ,I I '

0.00_ i_- ! I t i I ' . ! -1 T__ +_________, __

Figure 53. Parameters for W - 2 x 10-15, frequency - 30 kHz (Concluded).
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a. Attenuation as function of ground conductivity.
Model -Mode 2......Mode 3 Mode 4

-100_ _ __ _ _ _ _ _ _ __

* . .. . - --. - -----------------

-80 -

'5 -40 4. ~ _ _ _ _ _ _ _ _ _ _

ag (S/rn)

b. TM excitation values as function of ground conductivity.
Model - Mode 2......Mode 3- Mode 4- __

0 ,f... ... :~ i_ _ _ _1 J _____

XI~I#±E1rnizz~ TJ~iI _____

- fit_ _

II

03 IT_

L xK 40 ___ I-

-.. 0

(ag (SIrn)

Figure 54. Parameters for W = 2 x 10-15, 1requency'- 35 kHz.
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c. Relative phase velocity as a function of ground conductivity.
Model -Mode 2 ...... Mode 3 Mode 4

0.03- __

-~ .A ~ .- . .-. _._.

0.020-~T:T:.-

------.----- -

-00

10- 5 0410 02 10. 1 10 0
aq (S/rn)

d. Mode paths In the C-plane as conductivity changes.

Model I Mode 2...... Mode 3 --- Mode 4
0.10 I-I

...........................

7-~ -- 1

0.0 0.-02.

IA I

NOTE Hig Fodciiypitmre f o Mmds o

Fiur 54 PaaeesfrWw2x1- feqec 5kz(ocue)
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a. Attenuation as function of ground conductivity.

-10Model -Mode 2......Mode 3 Mode 4 -.- Mode 5

-100-. . . . -..-.

S-80 7-~---- _

2) 7. 7__:_

-60 ' - _ _ _ _ -

S-40 ~

C-0

105 10, 4 1 302 10-1 400

b. TM excitation values as function of ground conductivity.
Model - Mode 2......Mode 3 Mode 4 Mode 5

-10 2Z .L . - _ ___-, - - .

-20-

L-I-4

-50 - ,- --

-60---- - _ _ _ _

10-5o 10,4 11- 102 - ,1 100
CYg (S/rn)

Figure 55. Parameters for W - 2 x 10-1lb frequjency .40 kHz.
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c, Relative phase velocity as a function of ground conductivity.

Model - Mode 2 ...... Mode 3 ... Mode 4 Mode 50,03 ~ -__ ~ 1___

0.02 ....... ........

.

0.01

-----------,. ~..-.-,---------

... ........

00 .......... ....... ... ........................
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. ..-.. . --.. .. . ... ' ..... .- . ... ° 1... .-'. . .. . .. . . . . . . .•-0 .0 1 . .... .

1051- 1- 02 10.1 100
CYg (S/rn)

d. Mode paths in the C-plane as conductivity changes.
Model- Mode2-----..Mode 3-- Mode 4-- Mode 5-*-'

0,100 _ . - .

A IN,

I. . . .. . ..-

-0.01

0.0" 1 -10.1 0 ,2 1 "10.3

d.F POd pahsinte -pneacoductivity changrodwth0fo M o es, .or

Model 5 Mod e2 ..... for W Mode4 -. 4 ko z .......

I . . . . ...... .. .. . . .
. . .-.. . . . . . .. .• . . . " -3 , .

Re
NOE g onu] yr~ me °"e wft a Mmds o E

Figure 5. Prmee" o W a; 2 x 105 frqec -4 "iz (Concude
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a. Attenuation as function of ground conductivity.

-10Model - Mode 2......Mode 3 Mode 4 Mode 5 -- * Mode 6

-120 __

i--100 p--_ ___

.60

C -4

-20 = . .2!

Yrg (S/rn)

b. TM excttatlon values as function of ground conductivity.
Model I Mode2-----..Mode 3 Mode 4 -.---- Mode 5 Mode 6

S -30 ~ _____

0 -H 4--4

5-50

-60T C Z7 ZT ,

-70

10 1 10 0 10100
ag (S/rn)

Figure 56. Parameters for W - 2> YQ 101, frequency -45 kHz.



c. Relative phase velocity as a function of ground conductivity.
Model - Mode 2 ...... Mode 3 Mode 4 . Mode 5 Mode 6

0.05
S. .. . .. . - -.. . . . . . ....- .- - - -.. . .. -.-.. . .... -- . .. . - __ -L

0 .04 ..... "--- . . - -- -- i i
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., 0.02_ _ _ _
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0. 3 ... + . . .... .----- ::- . . . .... . .: S" S.... ±L... -- .......... . . . ..... :-. .. -- - . . . .

101010

aTg (S/rn)

d. Made paths in the C-plane as conductivity changes.
SModel I 'oI .de2......Mode 3 Mode.4....... Mode.5 Mode 6

0.10 ,- I -+ - :- .= , - ,I... . .. ... ... . . .

EI

-. . . . . ... . . . . . . .i . . . . .

0.10
I M ' I

I .. --;-"------ -

_"0.0 •J 0"_
' . _ _°_ _: i , I /

El i--4-" . ' \ .

I ,I ' I I! 'i"+

I .It . , I ,

0. 0. I + : 1 0.2, 0.. 3r

Re C
No rE: High coonductivity pOrn mar*ed wtth 0 for TM modes, A for TE.

Figure 56. Parameters for W - 2 x 1.0 15, frequency - 45 k\z (Concluded),
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SECTION 2

PARAMETERS AS A FUNCTION OF W
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a. Attenuation as function of parameter W.
15 kHz- 25 kHz ...... 35 kHz ---- 45 kHz-'.

4; -10 .

L I -

a) -5

10 110 101 3  10l2 1 () 10"10 109 0T 10-7

b. TM excitation values as function of parameter W.
15kHz- 25 kHz ......35 kHz 45 kHz

-10~

-20 I +

HII

ti~ti Ttti ht#'
30 -- r-dlrtit i

__-4 _T_ ~T ri

-0 01

.. ....-..

-601 io

w

Figure 57. Paramnetr.,s for least attenuated TM mode, CFO - 1 S/rn
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c, Relative phase velocity as a function of parameter W.
15 kHz - 25 kHz ...... 35 kHz 45 kHz____

0.01~

0.00- ____

-00 15 i-14 io13 i12 101 1-01~r- 8 7

d. Mode paths in the C-plane as W changes.
15 kHz- 25 kHz ...... 35 kHz-- 45 kHz--

0.10

0.00
0.0 0.1 0.2

Re C
NOTE: The point for highest W mark~ed with 0

Figure 57. Paraneters for least attenuated TM mode, cig =1 S/rn (Concluded).
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a. Attenuation as function of parameter W,
15 kHz -25 kHz ...... 35 kHz 45 kHz

-100 __ ... ..-~~

-80

-60- ,.--. .

S-40--------. .-..-----

10r15  10-14 0-13 10-12  10 1 10-10 109 10-8 1-
w

b. TM excitation values as function of parameter W.
15 kHz- 25 kHz ------35 kHz-- 45 kHz--
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H ~ i~ti ~ ---~~i4 2--W '4~h L

I I 113



c. Relative phase velocity as a function of parameter W.

0.915 kHz - 25 kHz------.35 kHz --- 45 kHz

0.09 -

0.07

0.05.................

0.00 -.--''----

0.100..

15~~~ ~ ~ k-.2..z.....5k ~ 5-~

0.10 r~ I

0I
I I05

0.00
0.0 0.1 0.2 0.3 0.4 0.5

Re C
NOTE; The point for highest W mark~ed with 0

Figure 58. Parameters for second least attenuated TMA modo, ag - S/rn (Concluded).
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a. Attenuation as function of parameter W.
15 kHz - 25 kHz ------ 35 kHz 45 kHz

-40 ___ _

-30 -

E,-.--- - - - ,

C. . .-O-*.,- 
. -~-.

-10-

10-15 10-14 10-13 10 -12 10-11 10-10 10-9 10-8  1-

b. TE excitation values as function of parameter W.
15 kHz - 25 kHz.....--35 kHz 45 kHz

-130

-140__ _ _

-150 _ _ _

I+I

7 7b 1iF,

-190 ____,~r

-200 ___

-2109
10-15 i0-14  10-13  1 o1l2 10- 11 lo- 0 0- 10o8  1-

w

Figure 59. Parameters tor least attenuated TE mode, (yg - 1 S/rn
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c. Relative phase velocity as a tunctiorn of parameter W.
15 kHz -25 kHz ...... 35 klz 45 kHz

0.04 -- . . . . . . . . - .-.- ,

0.03 .

.--.-....-- :1-7~.---.7-7.,.

0.00 - '____

d. Mode paths in the C-plane as W changes.
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0.05 0. . .

IR C

NOTE: %N Th on o ih~ aikdwt
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a. Attenuation as function of parameter W.
15 kHz -25 kHz ...... 35 kHz --- 45 kHz

-20 .'

- IT~ 1I7-

-15 W
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-100"

-5I

.'2-j

io-1 5  1o 1 4  1,o13  101 01 l-1 09 08 1-
w

b. TM excitation values as function of parameter W.
15 kHz -25 kHz ---- 35 kHz 45 kHz

-10 -~ -'---k!
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Jilll

-20 !II

-7-T -1-11

I-~-rv l

~~~I- it T1

-40 --- I-IIii

-1 tt
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10"1 o 10 10-13 101 10 1i0 09 0 10- 7

w

Figure 60. Parameters for least attenuated TM mrode, 09 o-3 S/rn
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c. Relative phase velocity as a function of parameter WN.
15 kHz - 25 kHz ...... 35 kHz 45 kHz________

0.01-

7 1 ..-t.-..-i-

............
. ............. T .,,7 -1.

101 0-14  10,13 10-l2 10. 11 10. 10 109 0-8  1

d. Mode paths in the C-plane as W changes.
15kH§-z -25kHz ...... 35 kHz 45 kHz
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F---.05- - -.-- --- - -- ...-- -.. - - . .

20.050 .
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Fiur 60 Paaetr foIes teutdIMmdU 03Sm(ocue)
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a. Attenuation as function of pa.,meter W.
15 kHz -25 kHz ------ 35 kHz 45 kHz

-120 ,- - :

-100 -- ~ ..- z z z.,

S-60---- -. . . . _ _ ------

2 -40-- . . .

-20 ____

10 10 0 1 101 10-10 10,9 10-8
w

b. TM excitation values as function of parameter W,

1015 kHz -25 kHz ..... 35 kHz 45 kHz

1 ili 77 t ~till

7-1

____a__ I ,

XI t

'I13 12~li II 10

1014 1010 10-1 10~ 10~ 108  lo- 7
w

Figure 61. Parameters for second least attenuated TM mode, ag -10-3 S/rn.
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c. Relative phase velocity as a function of parameter W.

15 kHz - 25 kHz....35kHz---45 kHz _ _ __ _-
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a. Attenuation as function of parameter W.
15kHz- 25 kHz ------ 35 kHz-- 45 kHz-- ______

-40 - -,.

-...--. *.. -..-.. ..... IoT
- - -- - .-.- ', 1,4

.......... - .. . --.-.-....... I .--.-.-

.30- -- _____
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________fill

10~~io 14 ¶o~ 101 io
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b. T exctaton vlue as uncion f prameer .

C~~~ III ~ II

-40 ___ i -t1 ~i ~ i~.

~10 i i o ~ il 10110 10 10 108 10l- l-7
w

Figure 62. Parameters for least attenuated TM mode, Cg - x 10-4 S/rn.
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c. Relative phase velocity as a function of parameter W.
15 kHz - 25 kHz -...... 35 kHz 45 kHz ________

0.01 - -

-. ~~1 T- 1-i!-'---:

-,0.001_ _

10.15 10- 1 10-1 10io2 10-11 10-10 109 10-8 10-7
W

d. Mode paths in the C-plane as W changes.
15 kHz- 25 kHz ...... 35 kHz-- 45 kHz--

0.10

A%-

'0.05 -

0.0 0. 0.2 --

Re C
NOTE: The pcuint for highest W mei1ted with 0

Figure 62. Parameters for least attenuated TM Mode, 0yg -3 x 10-4 SIMn (Concluded).
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a. Attenuation P-, function of parameter W.
15 kHz - 25 kHz .... 25 kHz 45 kHz

-120 ci: _-7, .:7--.., .
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b. TM excitation values as function of parameter W.
15 kHz 25 kHz .... 35 kHz 45 kHz
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Ii IM

TI~ till il
7_ -4T

I I',
Ii I- 111

w

Figure 63. Parameters for second least attenuated TM mode, UTg -3 x 10o-4 S/rn.
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c. Relative phase velocity as a function of parameter W.
15 kHz - 25 kt-z......35k~z --- 45 kHz____
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0.07
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w w

0.01 z - 2kz. ..35.z........_____
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0.0

0.0 0.1 0.2 0.3 0.4 0.5
Re C

NOTE: Tho point for highest W mar1ked with U

Figure 63. Parameters for s~econd least attenuated TMVI mode, ayg - 3 x 10~-4 S/rn (Concluded).
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a. Attenuation as function of parameter W.
15 kHz - 25 kHz ...... 35 kHz --- 45 kHz ____ ___
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Figure 64. Parameters for least attenuated TM mode, (3g - 10-4 S/rn.
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c. Relative phase velocity as a function of parameter W.
15 kH - 25 kHz ...... 35 kHz ---- 45 kHz
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d. Mode paths in the C-plane as W changes.
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Figur 64 Paae•r for les ateutdTioe g 04Sm(ocu
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a. Attenuation as !, 'notion of parameter W.
15 kHz - 25 kHz ------ 35 kHz 45 kHz ________
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b. TM excitation values as function of parameter W.
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c. Relative phase velocity as a function of parameter W.
15 kHz 25 kHz ...... 35 kHz 45 kHz
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NOTE: The point for highest W mrkaied with 0

Figure 65. Parameters for second least attenuated TM mode, (Fg - 10-4 S/rn (Concluded).
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a. Attenuation as function of parameter W.
15kHz- 25 kHz ...... 35 kHz-- 45 kHz--
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c. Relative phase velocity as a function of parameter W.
15kHz - 25kHz ...... 35kHz 45kHz ..
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Figure 66. Parameters for least attenuated TM mode, ag - 3 x 10-5 S/rn (Concluded).
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a. Attenuation as function of parameter W.
15 kHz - 25 klz ------ 35kIHz --- 45 kHz
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b. TM excitation values as function of parameter W.
15 kHz - 25 kHz ...... 35 kHz 45 kHz
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Figure 67. Parameters for second lea."t attenuated TM mode, (yg -3 x 10-5 S/rn
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c. Relative phase velocity as a function of parameter W.
IS kHz - 25 kHz ...... 35 kHz --- 45kHz-________

0.09--- - - -

0.08 ___

0.07 - 77~ .-- ,.

0.05 ~~- ---.------

0.064___
. ..... . . . . . . . .

0.00 ~ .. ...............

.0.01
10-15 10-14  10,13 10-12 10-11 10-10 10-9 10-8 1-

w

d. Mode paths in the C-plane as W changes.
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Figure 67. Parameters for second least attenuated TM mode, cig - 3 x 10-5 S/rn (Concluded).
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a. Attenuation as function of parameter W.
15 kHz - 25 kHz ...... 35 kHz 45 kHz
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c. Relative phase velocity as a function of parameter W.
15 kHz- 25 kHz ...... 35 kHz--- 45 kHz- -
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Figure 68. Parameters lot, least attenuated TM mnode, ag - 10-5 S/rn (Concluded).
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a. Attenuation as function of parameter W.
15 kHz -25 kHz ------ 35 kHz 45 kHz

-160 .-

-140-
- 7 . . .

Cn -100

-80

-411

15k~~~z-4 -5~...5~-- -45k -z

-0 15 l14 13-1

10V1 10l 10-' 10 10,11 10-10 109 108 0'
w

F."mxigurn ales 69araees functsoonf paaea teuter TMmdeW1.5Sr

-140



c. Relative phase velocity as a function of parameter W,
15 kHz 25 2kHz ...... 35 kHz 45 kHz
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Figure 69, Param~eters lor second least attenuateid TM mode, 0yg . 10-5 S/rn (Concluded).
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SECTION 3

FAPA4METERS AS A FUNCTION OF FREQUENCY
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a. Attenuation as function of frequency.
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b. TM excitation values as function of frequency.
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Figure 70. Parameters for least attenuated TM mode, Og 1 SIm. 8
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c. Relative phase velocity as function of frequency.
W-2xj0-8 - W=2x10-1 0 ....  . W=2x10 12 - O1-------W,.211
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d. Mode paths in the C-plane as frequency changes.
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0.00___
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NOTE: The point for lowest frequency ms*.d with U

Figure 70. Parameters for least attenuated TMV mode, (g 1 SIMSr (Concluded).
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a. Attenuation as function of frequency.
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b. TMV excitation values as function of frequency.

W-2010-8 - W-2XIO100........W-2xI10 12 
--- W'.2x 10- 15

-10 r V 7'

> 20

o 146



c. Relative phase velocity as function of frequency.
W_2x10-8  

- W_2x`10 10 ........W-2x10-12- - - - W-2x`10-15 ----
0.09 __

0.08

0.07 ---
_ 

---
__ ___ _ _ _ __ _ _ _

0.06 __ _

0.05 __

0.04 __ __

0.03 -------.-.- . . . .

0.02 .N -.

-0.01

10 20 30 40 5
Frequency (kHz)

d. Mode paths in the C-plane as frequency changes.
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NOTE: Tho point for lowed frequency markeod with W

Figure 71. Parameters for second least attenuated TMV mode, ag I S/rn (Concluded).
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a. Attenuation as function of frequency.
W-2x10-8  
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b. TE excftation values as function of frequency.
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c. Relative phase velocity as function of frequency.
W=2x!0-8  

-- W=2x0 1 0- ........ W=2x0- 12  W-W2x10- 15 -------
0'04 -

0.03

0.020 .0 ................
0".00.... ,_ .-. -.. . ---. . ...

-0.01
10 20 30 40 50

Frequency (kHz)
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NOTE: The. p•int for laweet fr•oqu•"y marked with w

Figure 72. Parameters for least attenuated TE mode, ag - 1 S/rn (Conduded).
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a. Attenuation as function of frequency,
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b. TM excitation values as function of frequency.
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Figure 73 Parameters for least attenuated TM mode, , . 1 '3 S/ir.
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c. Relative phase velocity as function of frequency.
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d. Mode paths in the C-plane as frequency changes.
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NOTE: The poe" for kwmt frequency mimwod with E

Figure 73. Parameters for least attenuated TM mode, ag 10- 3 Sim (Concluded).
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a. Attenuation as function of frequency.
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c. Relative phase velocity as function of frequency.
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Figure 74. Parameters for second least attenuated TM mode, ag 9 10-3 S/m (Concluded).
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a. Attenuation as function of frequency.
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Figure 75. Paiarneters for least attent.aled TM mode, r - 3 x 10-4 S/rn.
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c. Relative phase velocity as function of frequency.
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NOTE: Ths pokit for laweWt fre 4 uiancy matked w*tt N

Figure 75. Parameters for least attenuated TM roxia, Og ( 3 x 10-4 S/m (Concluded).
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a. Attenuation as function of frequency.
W-2x1-8 - Ww2xlO-10...... W-2x10-12 - - - - W-2x10-15 ----

-120 - _

E 80__ _ _ _

S-60 "7f111!__ ~ ~ 1 ~

-20 _ _ _ _ _ _ _ - _ _ _ _ _ _

10 20 30 40 50
Froquancy (IMk11z)

b. TM excitation values as function of freq~uency.
W-t2x10-8  

- W-2x10-lO ........W-2x`10 12 
--- W-2x10 15

-10 - - - - - - - - _ _ _ - _ _ _

0 -- ----. _I-

I , II

211 .1- 6.



c. Relative phase velocity as function of frequency,
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a. Attenuation as function of frequency.
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b. TM excitation values as function of frequency.
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Figure 77. Parameters for iaast attenuated TM mode, 4Yg - 10~4 S/rn.
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c. Relative phase veiodty as function of frequency.
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d. Mode paths in the C-plantm as frequency changes.
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NOTE: Thoe poaht for lowe Cr-pLas frequency cwith a

Figure 77. Pana . . .eters for least a. tenuted TM Wode, 1g -10-4 S/m (Concluded).
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a. Attenuation as function of frequency.
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c, Relative phase velocity as function of frequency.
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d. Mode paths in the C-plane as frequency changes.
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NOTE: The point for lowest frequency n iked with 0

Figure 786. Parameters for second least attenuated TM mode, 0 g - 10-4 S/m (Concluded).



a. Attenuation as function of frequency.
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b. TM excitation values as function of frequency.
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Figure 79. Parameters for least attenuated TM mode, Og - 3 x 10-5 S/rn.
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c. Relative phase velodtW as function of frequency.
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Figure 79. Parinwiers irw leasi attenusled I'M mod*, fig 3 x 10-5 S/re (Concluded).
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a. Attenuation as function of frequency.
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b. TM excitation values as function of frequency.
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Figure 60. Patarnotors Ifor second least iftteruated TMI mode, ag 3 x 10o-5 S/rn.



c. Relative phase velocity as function of frequency.
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d. Mode paths in the C-plane as frequency changes.
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Figure 80. Parameters to., second least attenuated TM mode, ag - 3 x 1 0-5 S/m (Concluded).
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a. Attenuation as function of frequency.
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b. TM excitation vaiues as function of frequency.
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Figure 8 1. Paramfeters for least atteusted TM mfxod, cg - 10-5 5/rn
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c. Relative phase velocity as function of frequency.
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d. Mode paths in the C-plane as frequency changes.
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Figure 81. Parameters fo least attentuated TM mode. Org - 5 S/m (Concluded).
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a. Attenuation as functions of frequency.
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b. TM excitation valuos as function of frequoncy.
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Figuro 82. Pai'rmneters for second least auenorumahd 1 PA mode, v 10-5 S/rn
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c. Relative phase velocity as function of frequency.
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d. Mode paths In the 0-plane as frequency changes.
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